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ABSTRACT 
T h i s  r e p o r t  documents  t h e  work p e r f o r m e d  on t h e  s i n g l e  p a r a m e t e r  
t e s t i n g  program d u r i n g  t h e  f i r s t  q u a r t e r  of P h a s e  E, C o n t r a c t  NAS 
8-11715, P a r t  111. The o b j e c t i v e  o f  s i n g l e  p a r a m e t e r  t e s t i n g  i s  
t o  s i m u l t a n e o u s l y  d e t e r m i n e  s e v e r a l  i n d i v i d u a l  p a r a m e t e r s  of a 
component  or  s y s t e m ,  t h e r e b y  o b t a i n i n g  f a s t e r  c h e c k o u t  t i m e .  
The o b j e c t i v e  o f  P h a s e  E i s  t o  a p p l y  t h e  s i n g l e  p a r a m e t e r  t e s t i n g  
t e c h n i q u e s  d e v e l o p e d  i n  p r e v i o u s  p h a s e s  t o  an AC and a l s o  a DC 
a m p l i f i e r .  The a m p l i f i e r  c h a r a c t e r i s t i c s  t o  be measured  a r e  
t h e  f r e q u e n c y  r e s p o n s e  and  t h e  a m p l i f i e r  l i n e a r i t y .  
The a r e a s  c o v e r e d  i n  t h i s  q u a r t e r l y  r e p o r t  a r e :  
1) t h e  i n v e s t i g a t i o n  of s i m p l e r  t e s t  s i g n a l s  
2 )  t h e  AC a m p l i f i e r  a n a l y s i s  
3 )  a t r a n s f e r  f u n c t i o n  d e t e r m i n a t i o n  program 
4 )  t h e  measurement  of n o n l i n e a r  component  p a r a m e t e r s .  
P 







TABLE O F  CONTENTS 
INTRODUCT ION 
TESTING S I G N A L  S E L E C T I O N  
NONLINEAR SYSTEM T E S T I N G  ANALYSIS  
AC A M P L I F I E R  ANALYS IS 





2 - 1  
3-1 
4 - 1  
5-1 
6 - 1  
6-2 
iii 
1 . 0 INTRODUCTION 
T h i s  report documents  t h e  work performed on t h e  s i n g l e  p a r a m e t e r  
t e s t i n g  p r o g r a m  d u r i n g  t h e  f i r s t  q u a r t e r  of P h a s e  E, C o n t r a c t  NAS 
8-11715, P a r t  111. The objective of P h a s e  E i s  t o  apply  t h e  s i n g l e  
parameter t e s t i n g  t e c h n i q u e s  developed i n  p r e v i o u s  p h a s e s  t o  a n  AC 
a n d  a l s o  a DC a m p l i f i e r  which  a r e  u s e d  a s  s i g n a l  processors be- 
t w e e n  t h e  space v e h i c l e  t r a n s d u c e r s  a n d  t h e  telemetry e q u i p m e n t .  
The a m p l i f i e r  c h a r a c t e r i s t i c s  t o  be m e a s u r e d  a r e  t h e  f r e q u e n c y  
r e s p o n s e  a n d  t h e  a m p l i f i e r  l i n e a r i t y .  
The  object ive of s i n g l e  p a r a m e t e r  t e s t i n g  i s  t o  s i m u l t a n e o u s l y  
d e t e r m i n e  severa l  i n d i v i d u a l  p a r a m e t e r s  of a component o r  system, 
thereby o b t a i n i n g  f a s t e r  c h e c k o u t  t i m e .  A block d i a g r a m  of t h e  
i m p l e m e n t a t i o n  of t h e  t i m e  s a m p l i n g  t e c h n i q u e  i s  shown i n  F i g u r e  
1-1. The  i n p u t  p r o b i n g  s i g n a l s  for  e l e c t r i c a l  e q u i p m e n t  t e s t i n g  
c a n  be stored i n  a memory device o r  g e n e r a t e d  w i t h  d i g i t a l  or  
a n a l o g  c i r c u i t r y ,  for example, t h e  g e n e r a t i o n  of a p u l s e .  The 
e s t i m a t o r ,  t i m i n g  c o n t r o l ,  and sample a n d  ho ld  c i r c u i t s  a r e  pro- 
grammed on a n  a n a l o g  comput ing  device s u c h  a s  a sma l l  c o m m e r c i a l l y  
a v a i l a b l e  a n a l o g  c o m p u t e r  or a s p e c i a l l y  d e s i g n e d  g r o u p  of a n a l o g  
c o m p u t e r  components .  The f u n c t i o n  of t h e  r e f e r e n c e  r e s p o n s e  block 
i n  t h e  d i a g r a m  c a n  be performed i n  t h r e e  d i f f e r e n t  ways. It c a n  
be a r e f e r e n c e  r e s p o n s e  of a nominal  system recorded on t h e  memory 
device,  o r  a model of t h e  nominal  system implemented  on t h e  a n a l o g  
c o m p u t i n g  device or  t h i r d ,  a nominal  component .  For  t h e  s e c o n d  
a n d  t h i r d  way, t h e  i n p u t  p r o b i n g  s i g n a l  i s  fed t o  t h e  model (or  
n o m i n a l  c o m p o n e n t )  a s  w e l l  a s  t o  t h e  component t o  be tested. 
1-1 
Component 
tested Sample a n d  h o l d  
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b 
t c 1 .I J 1 
‘ I  I R e f e r e n r e  
I I I 
- - -  - - - - _  - P a r a m e t e r  P r e d i c t i o n s  I I Timing C o n t r o l  
F i g u r e  1-1 
T e s t i n g  Using  G r o w i n g  I m p u l s e  R e s p o n s e  Prob’ing S i g n a l s  
An o u t l i n e  of t h e  steps n e c e s s a r y  t o  implement  t h e  t e c h n i q u e  is: 
1 )  Develop a component  model of a n o m i n a l  component  which  
c a n  be u s e d  i n  t h e  d e t e r m i n a t i o n  of a n  e s t i m a t o r .  
2 )  The estimator is t h e n  d e t e r m i n e d  by m e t h o d s  described 
3 )  The t h i r d  s tep is t h e  i m p l e m e n t a t i o n  a n d  c h e c k o u t  of 
t h e  t e c h n i q u e  w i t h  t h e  a c t u a l  h a r d w a r e  t o  be tested, 
in t h e  P h a s e  C report ( R e f e r e n c e  ?t) 
Section 2 of t h i s  q u a r t e r l y  report describes a n  i n v e s t i g a t i o n  of 
t h e  improved t e s t i n g  s i g n a l s  fo r  s i n g l e  parameter  t e s t i n g ,  P r e -  
v ious  work h a s  u s e d  g r o w i n g  e x p o n e n t i a l  s i g n a l s  and g r o w i n g  i m -  
p u l s e  response t e s t i n g  s i g n a l s .  I n  t h i s  q u a r t e r ,  s i g n a l s  s u c h  
a s  p u l s e s ,  ramps a n d  o t h e r s  w e r e  e v a l u a t e d .  U s i n g  t h e s e  t e s t i n g  
s i g n a l s  which a r e  s impler  t o  g e n e r a t e ,  t h e  parameter  p r e d i c t i o n  
r e s u l t s  o b t a i n e d  were comparable t o  p r e v i o u s  r e s u l t s  reported i n  
1 1-2 
&’ 
t h e  f i n a l  P h a s e  C report ( R e f e r e n c e  4 ) .  S e c t i o n  4 d i s c u s s e s  
t h e  r e s u l t s  o b t a i n e d  i n  m e a s u r i n g  t h e  c o e f f i c i e n t s  of a poly- 
n o m i a l  n o n l i n e a r i t y  a n d  n o n l i n e a r  c h a r a c t e r i s t i c s  s u c h  a s  l i m -  
i t i n g  a n d  dead-band.  The a n a l y s i s  of t h e  AC a m p l i f i e r  t o  de- 
t e r m i n e  a n o m i n a l  model i s  p r e s e n t e d  i n  S e c t i o n  4. The DC 
a m p l i f i e r  a n a l y s i s  w i l l  be performed d u r i n g  t h e  n e x t  q u a r t e r .  
S e c t i o n  5 describes a d i g i t a l  program which a c c e p t s  s i n u s o i d a l  
magni tude  a n d  p h a s e  d a t a  a s  i n p u t  a n d  gives  t h e  best ( i n  a 
l e a s t  s q u a r e  s e n s e )  t r a n s f e r  f u n c t i o n  t o  f i t  t h e  d a t a .  
C o n c l u s i o n s  for  t h i s  q u a r t e r l y  report a r e  g i v e n  i n  S e c t i o n  6. 
1-3 
P 
2.0 TESTING SIGNAL SELECTION 
S e v e r a l  i n p u t  t e s t i n g  s i g n a l s  w e r e  e v a l u a t e d  d u r i n g  t h e  q u a r t e r  
t o  determine i f  t h e  same p a r a m e t e r  p r e d i c t i o n  i n f o r m a t i o n  c o u l d  
be o b t a i n e d  u s i n g  simpler t e s t i n g  s i g n a l s  t h a n  p r e v i o u s l y  i n -  
v e s t i g a t e d .  Among t h e  s i g n a l s  c o n s i d e r e d  w e r e  
1) a p u l s e  
2) a ramp (1 cycle) 
3 )  a s q u a r e  wave (1 c y c l e )  
4 )  a t r i a n g u l a r  wave (1 cycle) 
5 )  a n  e x p o n e n t i a l  waveform 
6 )  a d o u b l e  p u l s e  
7) a s i n e  wave (1 cycle) 
It is r e l a t i v e l y  e a s y  t o  g e n e r a t e  a n d  c o n t r o l  t h e  t i m i n g  of 
these s i g n a l s ,  The equ ipmen t  n e e d e d  i s  d i g i t a l  logic c a r d s  
a n d  a n a l o g  c i r c u i t r y  or some commerc ia l  s i g n a l  g e n e r a t i o n ,  
e q u i p m e n t .  The c o n c l u s i o n  r e a c h e d  was t h a t  these s implif ied 
t e s t i n g  s i g n a l s  c o u l d  be u s e d  t o  o b t a i n  p a r a m e t e r  p r e d i c t i o n  
r e s u l t s  comDarable  t o  r e s u l t s  p r e v i o u s l y  p r e s e n t e d  i n  R e f -  
e r e n c e  1. N o  s t r o n g  p r e f e r e n c e  was f o u n d  for  a n y  o n e  of t h e  
a b o v e  t e s t i n g  s i g n a l s  for a g e n e r a l  t e s t i n g  s i t u a t i o n .  The 
s q u a r e  wave a n d  ramp worked somewhat better for  t e s t i n g  l o w -  
pass a n d  b a n d p a s s  f i l t e rs  and t h e  p u l s e  was a good t e s t i n g  s ig-  
n a l  for a h i g h p a s s  f i l ter .  The f r e q u e n c y  c o n t e n t  of e a c h  of 
these s i g n a l s  is g i v e n  i n  F i g u r e s  2-1  t o  2-7. The t i m i n g  ( f o r  
example, p u l s e  w i d t h )  of t h e  t e s t i n g  s i g n a l  c a n  be selected 
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energy i n  t h e  r e g i o n  of t h e  f r e q u e n c y  r e s p o n , s e  w h e r e  t h e  com- 
p o n e n t  t r a n s f e r  f u n c t i o n  poles a r e  located. I f  t h e  poles t o  
be m e a s u r e d  a r e  f a r  a p a r t  i n  t h e  f r e q u e n c y  s p e c t r u m ,  t w o  se- 
q u e n t i a l  t e s t i n g  s i g n a l s  may be r e q u i r e d  t o  m e a s u r e  t h e  pole 
l o c a t i o n s .  A n o t h e r  poss ib i l i t y  is  a c o m b i n a t i o n  s i g n a l  s u c h  
a s  t h e  double p u l s e  spectrum shown i n  F i g u r e  2-6. T h i s  p a r t i c -  
u l a r  s i g n a l  would be s u i t a b l e  t o  m e a s u r e  a component  w i t h  a 
t r a n s f e r  f u n c t i o n  of 
T h e  s h a r p  i n i t i a l  p u l s e  i n  t h e  i n p u t  t i m e  waveform would m e a s u r e  
e s s e n t i a l l y  j u s t  t h e  pole a t  200/7 r a d / s e c  a n d  t h e  long pulse  
for T seconds would measure j u s t  t h e  pole a t  2/7 rad/sec. 
2.1 SECOND ORDER TERMS 
A factor  which was g i v e n  f u r t h e r  c o n s i d e r a t i o n  d u r i n g  t h i s  
p h a s e  was t h e  i n c l u s i o n  of h i g h e r  order terms i n  r e p r e s e n t i n g  
t h e  o u t p u t  d i f f e r e n c e  waveform a s  a f u n c t i o n  of t h e  parameter 
c h a n g e s .  The  difference vol tage waveform b e t w e e n  t h e  n o m i n a l  
system a n d  t h e  system t o  be tested ( a s s u m i n g  t w o  p a r a m e t e r s  
t h a t  v a r y )  can be r e p r e s e n t e d  by 
2-9 
1 
w h e r e  V ( t )  = t h e  d i f f e r e n c e  waveform a s  a f u n c t i o n  of t i m e  
lOhP, 10r\Pq 
I L , Y = -  -  - X 
p1 p2 
= t h e  n o m i n a l  v a l u e  of p a r a m e t e r  n 'n 
= t h e  c h a n g e  i n  v a l u e  of p a r a m e t e r  n hPn 
a , b , c  = t h e  c o e f f i c i e n t s  
The most s i g n i f i c a n t  terms i n  e q u a t i o n  2-2 a r e  t h e  a 
terms, a n d  p a s t  e f f o r t  h a s  b e e n  b a s e d  p r i m a r i l y  on t h e s e  l i n e a r  
terms. In s t u d y i n g  t h e  t h r u s t  vector c o n t r o l  system i n  P h a s e  C 
however ,  one s e c o n d  order t e r m  ( a  ) was i n c l u d e d .  D u r i n g  t h i s  
p a s t  q u a r t e r  t h e  cll c r o s s p r o d u c t  term was i n c l u d e d  t o  t r y  t o  
i n c r e a s e  t h e  a c c u r a c y .  
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T a b l e  2-1 
Coef f i c  i e n t  D e t e r m i n a t i o n  Da ta  
The c o e f f i c i e n t s  a 
c a n  be d e t e r m i n e d  from d a t a  s u c h  a s  g i v e n  i n  T a b l e  2-1 .  
a bl, b2 a n d  cll for a g i v e n  t i m e  t l ,  1' 2 '  
2-10 
. 
Assuming the experimental data given in the table, the coefficients 
at time tl would be: 
From Hun 1 and 2 
V(tl) = 40 = a,(l) + a2(l) 2 
- 40 = al(-l) + a2(-l) 2 
implying that al = 40 and a2 = 0. From Run 3 and 4 
- 20 = bl(-1) + b2(-l) 2 
implying that bl = 30 and b2 = 10. From Run 5 
11 75 = 40 + 0 + 30 + 10 + c 
11 -5 = c 
Taking data at five time points, the coefficients for  five 
equations of the form 
2-11 
L 
A m a t r i x  c a n  t h e n  be w r i t t e n  
The i n v e r s e  of t h e  c o e f f i c i e n t  m a t r i x  which  can be computed 
on a d i g i t a l  c o m p u t e r  i s  t h e n  t h e  e s t i m a t o r .  
be t h e  e l e m e n t s  of t h e  m a t r i x  i n v e r s e  a n d  b e c a u s e  only X and 
L e t t i n g  Mi l  
Y a r e  of i n t e r e s t ,  t h e  s o l u t i o n  e q u a t i o n s  a r e  
M1 2 M1 3 [ :]= [ :l: M32 M3 3 
T h e s e  t w o  e q u a t i o n s  a r e  i m p l e m e n t e d  by s a m p l i n g  t h e  d i f f e r e n c e  
waveform a t  t h e  f i v e  t i m e s  tn a n d  m u l t i p l y i n g  t h e  v a l u e s  by 
t h e  M c o e f f i c i e n t s  t o  o b t a i n  X a n d  Y, t h e  parameter c h a n g e s .  i-i 
Many r u n s  were t a k e n  u s i n g  t h e  procedure w i t h  s e v e r a l  d i f f e r e n t  
t r a n s f e r  f u n c t i o n s ,  t e s t i n g  s i g n a l s  a n d  number of terms U s e d  
t o  represent t h e  d i f f e r e n c e  waveform. T h e  r e s u l t s  of some of 
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g i v e n  i s  t h e  a v e r a g e  of a b o u t  t h i r t y  d a t a  p o i n t s  w i t h  o n e  o r  
more p a r a m e t e r s  v a r y i n g  w i t h i n  t h e  r a n g e  of 5 20%. The con-  
drawn from t h e  d a t a  w e r e  t h a t  
The s q u a r e  wave w a s  a good t e s t i n g  s i g n a l  for  
lowpass a n d  b a n d p a s s  t r a n s f e r  f u n c t i o n s .  
The p u l s e  was a good t e s t i n g  s i g n a l  f o r  h i g h p a s s  
t r a n s f e r  f u n c t i o n s .  
A d d i t i o n  of s e c o n d  order terms i n  t h e  e q u a t i o n  t o  
r e p r e s e n t  t h e  d i f f e r e n c e  waveform improved t h e  
a c c u r a c y  of t h e  p a r a m e t e r  p r e d i c t i o n .  
A d d i t i o n  of cross order terms i n  t h e  e q u a t i o n  
t o  r e p r e s e n t  t h e  d i f f e r e n c e  waveform d e g r a d e d  
t h e  a c c u r a c y  of  t h e  p a r a m e t e r  p r e d i c t i o n .  
In order t o  better u n d e r s t a n d  t h e  r e a s o n s  for why  poorer r e s u l t s  
a r e  o b t a i n e d  when a more a c c u r a t e  r e p r e s e n t a t i o n  i s  u s e d  for  
t h e  difference s i g n a l  waveform, t h e  i l l - c o n d i t i o n i n g  of a 
m a t r i x  was i n v e s t i g a t e d .  A m a t r i x  i s  i l l - c o n d i t i o n e d  i f '  
it is i n  some s e n s e  n e a r l y  s i n g u l a r .  One m e a s u r e  of m a t r i x  
i l l - c o n d i t i o n i n g  c a n  be determined from t h e  f o l l o w i n g  (see 
R e f e r e n c e  7 ) .  The e q u a t i o n s  which  t h e  nth order ma t r ix  
r e p r e s e n t  can  be w r i t t e n  
n 
= 0 (i = 1, 2...n) C a i j  'j - ' j  
j= 1 
T h e s e  e q u a t i o n s  r e p r e s e n t  n h y p e r p l a n e s  a n d  t h e  a n g l e  b e t w e e n  
a n y  t w o  of t h e m  Is g i v e n  by 
If a n y  of t h e  (;) possible  a n g l e s  a r e  s m a l l  ( s a y  less t h a n  
15 degrees), t h a n  it is  possible t o  have n u m e r i c a l  s t a b i l i t y  
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p r o b l e m s .  In terms of t h e  e s t i m a t o r  i n  t h e  s i n g l e  p a r a m e t e r  
t e s t i n g  s e t u p ,  p o o r  p a r a m e t e r  p r e d i c t i o n  w i l l  r e s u l t  i f  any 
of t h e  a n g l e s  a r e  s m a l l .  Thus t h i s  t e c h n i q u e  of d e t e r m i n i n g  
t h e  a n g l e s  b e t w e e n  h y p e r p l a n e s  i s  a good p r e l i m i n a r y  c h e c k  
on w h e t h e r  an e s t i m a t o r  c a n  g i v e  a good p r e d i c t i o n .  
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3.0 NONLINEAR SYSTEM TESTING ANALYSIS 
The a n a l y s i s  i n  t h i s  s e c t i o n  d e a l s  w i t h  t w o  s p e c i a l  n o n l i n e a r -  
i t i e s ,  however, t h e  a n a l y t i c a l  a n d  e x p e r i m e n t a l  r e s u l t s  i n d i c a t e  
t h a t  t h e  c o n c l u s i o n s  a r e  a p p l i c a b l e  t o  a broad c l a s s  of n o n l i n e a r  
systems. T h i s  o b s e r v a t i o n  i s  p r o b a b l y  t h e  m o s t  i m p o r t a n t  r e s u l t  
of t h e  i n v e s t i g a t i o n  b e c a u s e  c o n f i d e n c e  i n  b e i n g  a b l e  t o  m e a s u r e  
n o n l i n e a r  p a r a m e t e r s  i s  g r e a t l y  i n c r e a s e d  i f  t h e  r e s u l t s  of a n  
a n a l y s i s  of s p e c i a l  n o n l i n e a r i t i e s  c a n  be e x t e n d e d  t o  a broad 
c l a s s  of n o n l i n e a r i t i e s .  A review of n o n l i n e a r  a n a l y s i s  i n  t h e  
l i t e r a t u r e  l ed  t o  t h e  work b y  H.J.  L o r y ,  D.C. L a i  a n d  W.H. H u g g i n s  
( R e f e r e n c e  9 )  w h i c h  was t h e  method of a n a l y s i s  which  w e  decided 
t o  pursue.  
T h e  n o n l i n e a r i t i e s  e x p e r i m e n t a l l y  tested t o  e s t a b l i s h  v e r i f i -  
c a t i o n  of t h e  a n a l y s i s  w e r e  a d e a d b a n d  a n d  a sof t - l imiter  which 
a r e  i n  t h e  c l a s s  t h a t  c a n  be a p p r o x i m a t e d  by a p o l y n o m i a l  f i t  
over a specified i n p u t  r a n g e .  T h e s e  t w o  m e a s u r e d  n o n l i n e a r i t i e s  
a r e  i l l u s t r a t e d  i n  F i g u r e  3-la a n d  3-lb. F i g u r e  3-lc a n d  3- ld  
a r e  i l l u s t r a t i v e  examples of a 3rd order polynomial f i t  t o  t h e  
n o n l i n e a r i t y .  
T h e  problem of i n v e s t i g a t i n g  n o n l i n e a r i t i e s  can  be divided i n t o  
t h e  fo l lowing  a r e a s :  
1. s t a t i c  n o n l i n e a r  e l e m e n t s  
2. Cascaded s t a t i c  n o n l i n e a r i t i e s  a n d  dynamic e l e m e n t s  
3. Feedback  systems composed of n o n l i n e a r  a n d  l i n e a r  
dynamic elements 
a )  N o n l i n e a r i t i e s  i n  t h e  feedback p a t h  





F i g u r e  3-1 
N o n l i n e a r  E l e m e n t s  
Each of t h e s e  problems w i l l  be f u r t h e r  d e f i n e d  a n d  a n a l y z e d  in 
t h e  f o l l o w i n g  d i s c u s s i o n s .  
3.1 STATIC NONLINEAR ELEMENTS 
R e f e r e n c e  9 I s  direct ly  c o n c e r n e d  w i t h  t h e  i d e n t i f i c a t i o n  of 
s t a t i c  n o n l i n e a r  operators by u s i n g  g r o w i n g  e x p o n e n t i a l s .  The  
f o l l o w i n g  is a brief p r e s e n t a t i o n  of t h e  m e t h o d  reported. It 
is I m p o r t a n t  t h a t  t h i s  method be es t ab l i shed  s i n c e  it was t h e  
S t a r t i n g  p o i n t  f o r  t h e  work w h i c h  followed on  cascaded n o n l i n e a r -  
i t ies a n d  dynamic systems. Assume t h a t  t h e  s t a t i c  n o n l i n e a r  
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system c a n  be a p p r o x i m a t e d  by a p o l y n o m i a l  f u n c t i o n  of t h e  i n p u t  
a s  
If a g r o w i n g  e x p o n e n t i a l  s i g n a l  i s  app l i ed ,  t h e n  t h e  o u t p u t  of 
t h e  n o n l i n e a r i t y  c a n  be expressed 
R e f e r e n c e  9 shows t h a t  a f i l t e r i n g  system c a n  be c o n s t r u c t e d  t o  
perform t h e  measurement  of a ,  b, a n d  c. The m e a s u r e d  v a l u e s  a r e  
a minimum mean s q u a r e  e s t i m a t e  w i t h  a w e i g h t i n g  of l/e . 
S u p p o s e  w e  w i s h  t o  measure t h e  p a r a m e t e r s  i n  t h e  s e n s e  of ref- 
e r e n c i n g  t h e  system t o  a n o m i n a l  system i n  t h e  s i n g l e  p a r a m e t e r  
t e s t i n g  p h i l o s o p h y .  Under  t h i s  a s s u m p t i o n  w e  t a k e  t h e  T a y l o r  
series e x p a n s i o n  a n d  o b t a i n  t h e  error r e s p o n s e  of 
1 
W e  c a n  now f i l t e r  t h e  error r e s p o n s e  by t h e  same f i l t e r i n g  system 
t o  m e a s u r e  t h e  c h a n g e  i n  t h e  p a r a m e t e r s .  The f i l t e r i n g  i s  ac- 
c o m p l i s h e d  u s i n g  a set of o r t h o g o n a l  f i l t e r s  a s  described i n  
t h e  P h a s e  C F i n a l  Report ( R e f e r e n c e  4 ) .  F i g u r e  3-2 gives  a 
block diagram r e p r e s e n t a t i o n  of t h e  o r t h o g o n a l  f i l t e r  bank.  
T h e  t i m e  domain r e p r e s e n t a t i o n  of t h e  f i l t e rs  i n  F i g u r e  3-2 is:  
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The  output of any filter @,,(s) is obtained by the convolution 
integral 
CJt )  = s,” f (t -7) on ( T ) d  y 
Figure 3-2 
Orthogonal Filter Bank 
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T a k i n g  t h e  o u t p u t  a t  t i m e  t = 0 a n d  l e t t i n g  t '  = - z  w e  have 
r O  
c , (o)  I) -aJ f(t') +J-t ' )dt '  
a n d  s i n c e  4,,(- h') a r e  o r t h o g o n a l  over t h e  t '  i n t e r v a l  from 
- 40 t o  0, t h e n  t h e  o u t p u t  v a l u e s  C,,(O) a r e  t h e  c o e f f i c i e n t s  
of t h e  f o l l o w i n g  series 
B y  e q u a t i n g  c o e f f i c i e n t s  of t h e  terms w e  h a v e  an e s t i m a t o r  fo r  
t h e  parameter  v a r i a t i o n s  of 
Ta - 4  3 E  
0 6 -12 Jd 
0 0 r o c  
Time s a m p l i n g  may a l s o  be a p p l i e d  t o  
v a r i a t i o n s  of a s t a t i c  n o n l i n e a r i t y .  
sample times then  t h e  f o l l o w i n g  set  
t o  predict  t h e  parameter  v a r i a t i o n s .  
m e a s u r i n g  t h e  parameter  
If w e  c h o o s e  3 selected 
of eqiititiriis can be used 
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3.1.1 s t a t  i c  Non 1 i n e a r i t y  E x p e r i m e n t  a t  i o n  
To ve r i fy  t h e s e  results by e x p e r i m e n t a t i o n  q n  a n a l o g  m u l t i p l i e r  
w a s  tested. The r e s u l t s  shown in F i g u r e  3-3  give  t h e  t h i r d  
order p o l y n o m i a l  f i t  for t h e  m u l t i p l i e r .  The  tests i n d i c a t e  
t h a t  t h e  l i n e a r i t y  of a t r a n s f e r  f u n c t i o n  or  a n y  other i n p u t -  
o u t p u t  device c a n  be tested by a p p l y i n g  a g r o w i n g  e x p o n e n t i a l  
t o  t h e  i n p u t  a n d  m e a s u r i n g  t h e  r e s u l t i n g  o u t p u t  s i g n a l .  F i g u r e  
3-4 shows example  r e s u l t s  of a l i n e a r i t y  measurement .  The 
f u n c t i o n  measured  w a s  a sof t - l imi te r  w i t h  t h e  breaks a t  2 50 
vol ts .  Notice t h a t  when e, = 8 0 ~  , t h e  e q u a t i o n  for t h e  
f u n c t i o n  c a n  be o b t a i n e d  fr.om t h e  d a t a  i n  t h e  f i g u r e  a s  follows: 
Thus ,  t h e  measurement  of a s t a t i c  n o n l i n e a r i t y  when r e p r e s e n t a b l e  
by a p o l y n o m i a l  a p p r o x i m a t i o n  c a n  be accomplished. If a g r o w i n g  
e x p o n e n t i a l  is a p p l i e d  t h e n  a l i n e a r  e s t i m a t o r  c a n  be u s e d  t o  
m e a s u r e  c h a n g e s  i n  t h e  p a r a m e t e r s  or  t h e  m a g n i t u d e  of t h e  
p a r a m e t e r s .  If a known i n p u t  s i g n a l  is appl ied ,  t i m e  samples 
c a n  a l s o  be used t o  e s t a b l i s h  e s t i m a t e s  of t h e  parameters .  
3.2 CASCADED NONLINEAR AND DYNAMIC ELEMENTS 
The  a s s u m p t i o n  t h a t  t h e  s t a t i c - n o n l i n e a r i t y  can  be approximated 
by a p o l y n o m i a l  w i l l  a l s o  be a p p l i c a b l e  t o  cascaded e l e m e n t s .  
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The t o t a l  dynamic  system is i l l u s t r a t e d  i n  F i g u r e  3-5. 
F i g u r e  3-5 
Cascaded E l e m e n t s  
The  n o n l i n e a r  e l e m e n t  a n d  t h e  e l e m e n t  t r a n s f e r  f u n c t i o n s  c a n  
be combined  i n t o  o n e  t r a n s f e r  f u n c t i o n  
T h i s  t r a n s f e r  f u n c t i o n  may now be a n a l y z e d  u s i n g  t h e  s i n g l e  
parameter t e s t i n g  procedures developed d u r i n g  t h e  f i rs t  t h r e e  
phases. L e t  us  assume t h e  f o l l o w i n g  example t o  i l l u s t r a t e  t h e  
procedures. L e t  
The t o t a l  t r a n s f e r  f u n c t i o n  i s  therefore 
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Taking the partial derivatives with respect to the parameters 






Two input testing signals were investigated for use in testing 
these cascaded elements. One was a ramp with a time base of (l/W) 
seconds and the other was a pulse with a pulse width of (l/W) 80C-  
onds .  Substituting the Laplace transforms of these waveforms i n t o  
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t h e  e q u a t i o n s ,  t h e  p a r t i a l  d e r i v a t i v e s  w e r e  determined. The 
p a r t i a l  d e r i v a t i v e s  w e r e  t e s t e d  f o r  i n d e p e n d e n c e  by f o r m i n g  t h e  
Wronskian  d e t e r m i n a n t  a n d  c h e c k i n g  t o  see i f  it was z e r o .  It 
was f o u n d  t h a t  t h e  ramp l e d  t o  i n d e p e n d e n t  p a r t i a l  d e r i v a t i v e s  
b u t  t h e  p u l s e  d i d  n o t .  
Thus, by u s i n g  a s e l e c t e d  i n p u t  s i g n a l  t h e  p a r a m e t e r s  a ,  b, c 
and UJ c a n  be measured .  In g e n e r a l ,  it i s  r e a s o n a b l e  t o  e x p e c t  
t h a t  t h e  s y s t e m  can  be t e s t e d  w i t h  a l a r g e  c l a s s  of i n p u t  s i g n a l s .  
A l t h o u g h  it c a n  n o t  be s t a t e d  w i t h  a s s u r a n c e ,  we b e l i e v e  t h a t  
a n y  s i g n a l  which i s  n o t  h e l d  c o n s t a n t  when a p p l i e d  t o  t h e  non-  
l i n e a r  e l e m e n t  s h o u l d  a l l o w  measurement  o f  t h e  f a c t o r s  a s s o -  
c i a t e d  w i t h  t h e  n o n l i n e a r i t y  when t h e  n o n l i n e a r  e l e m e n t  i s  
c a s c a d e d  w i t h  a dynamic  system. 
3.2.1 E x p e r i m e n t a t i o n  on Cascaded  E l e m e n t s  
To v e r i f y  t h e  a b i l i t y  t o  t e s t  t h e  p a r a m e t e r s  of c a s c a d e d  ele- 
m e n t s ,  t w o  n o n l i n e a r i t i e s  were  tested i n  a c a s c a d e d  c o n f i g u r a t i o n .  
The systems t e s t e d  w e r e  a deadband and a s o f k - l i m i t e r  f o l l o w e d  by 
a t r a n s f e r  f u n c t i o n  s+L3 . The e x p e r i m e n t a l  r e s p o n s e s  o f  t h e  
system w e r e  t a k e n  w i t h  t h e  s i g n a l  i l l u s t r a t e d  i n  F i g u r e  3-6. The 
freqrre?lcy s p e c t r u m  of t h e  s i g n a l  i s  g i v e n  i n  F i g u r e  2-4. 
& 
F i g u r e  3-7 g i v e s  t h e  deadband system r e s p o n s e  f o r  each  o f  t h e  
p a r a m e t e r  v a r i a t i o n s .  The p a r a m e t e r  v a r i a t i o n s  a r e  g a i n ,  band-  
w i d t h ,  and  u p p e r  and  l o w e r  b r e a k p o i n t s  i n  t h e  deadband e l e m e n t .  
F i g u r e  3-8 g i v e s  t h e  r e s p o n s e s  of p a r a m e t e r  c h a n g e s  i n  t h e  soft- 
l imiter system. The p a r a m e t e r  v a r i e d  were g a i n ,  b a n d w i d t h ,  and  
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F i g u r e  3-6 
T e s t i n g  S i g n a l  
upper and lower l i m i t i n g  levels.  In a l l  c a s e s  t h e  parameter  
r e s p o n s e s  were s e p e r a b l e  i n d i c a t i n g  i n d e p e n d e n t  p a r t i a l  deriv- 
a t i v e s .  
3 . 3  NONLINEAR ELEMENTS I N  FEEDBACK SYSTEMS 
N o n l i n e a r  e l e m e n t s  i n  f eedback  systems w i l l  now be c o n s i d e r e d .  
We w i l l  a g a i n  assume t h a t  t h e  n o n l i n e a r  e l e m e n t  c a n  be a p p r o x i -  
mated by the cubic e q u a t i o n  
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Output Error S i g n a l s  for Changes  i n  ( w )  Dynamic Bandwidth 
Output Error S i g n a l s  for G a i n  ( k )  Changes  
Output Error Signals for Changes in the Upper Limit (UL) and Lower 
Limit ( LL) 
Figure 3-7. Limiter Er ror  Response 
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Output Error S i g n a l s  for Upper Dead-band B r e a k  
Break 
Figure 3-8. Dead-Band Error  Responses 
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I n  feedback systems t h e r e  a r e  normally two elements, one in 
t h e  feedback pa th ,  a n d  one i n  t h e  forward p a t h  a s  i l l u s t r a t e d  
in Figure 3-9. W e  w i l l  f irst  a l low t h e  n o n l i n e a r i t y  t o  be t h e  
forward e l e m e n t  and t h e n  t h e  feedback e l e m e n t .  
3.3.1 Nonlinear E l e m e n t s  in t h e  Forward P a t h  
The t r a n s f e r  func t ion  for t h e  feedback system i s  
If w e  assume t h a t  H (s) = -then k 
s t c 3  
The Laplace t ransform of a ramp func t ion  w i t h  a t i m e  base  of 
( l / w )  seconds was s u b s t i t u t e d  i n t o  t h i s  equat ion  and  t h e  p a r t i a l  
d e r i v a t i v e s  of t h e  t r a n s f e r  func t ion  w i t h  r e s p e c t  t o  k, w, a ,  b, 
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a n d  c w e r e  determined.  The p a r t i a l  d e r i v a t i v e s  w e r e  t hen  tested 
f o r  independence by forming t h e  Wronskian determinant  and checking 
t o  see i f  it was zero.  I f  was  found t h a t  t h e  p a r t i a l  d e r i v a t i v e s  
a r e  independent f o r  t h e  c a s e  of  a ramp input  s i g n a l .  It i s  i m -  
p o r t a n t  t o  recognize t h a t  i n  a p r a c i t c a l  a p p l i c a t i o n  t h e r e  w i l l  
be s u b s t a n t i a l  s i z e d  second p a r t i a l  d e r i v a t i v e s ,  a l s o ,  a n d  t h e s e  
may l i m i t  t h e  range over  which t h e  parameters  can be measured. 
3.3.2 Nonlinear E l e m e n t  i n  t h e  Feedback Loop 
The t r a n s f e r  func t ion  f o r  t h e  feedback system, assuming t h a t  
c 
The Laplace t ransform of a ramp func t ion  wi th  a t i m e  base  of 
(l/w) seconds was s u b s t i t u t e d  i n t o  t h i s  equa t ion  and t h e  p a r t i a l  
d e r i v a t i v e s  of t h e  t r a n s f e r  func t ion  wi th  r e s p e c t  t o  k, w, a ,  b, 
and c w e r e  determined. It was found t h a t  t h e  p a r t i a l  d e r i v a t i v e  
w e r e  no t  independent and t h e r e f o r e  it a and a a& 
would be impossible t o  s e p a r a t e  changes in '@a1' w i th  changes i n  
t h e  parameter UI. Furthermore t h e  p a r t i a l  d e r i v a t i v e s  wi th  re- 
s p e c t  t o  t h e s e  two parameters  w i l l  be equa l  for any i n p u t  S igna l .  
A parameter  which could be measured was (a-w). If, however, t h e  
o u t p u t  can be t aken  a f t e r  t h e  n o n l i n e a r i t y  a s  shown i n  F igure  
3-9 
i s  now i n  t h e  forward loop ,  
t h e  v a l u e  of UI and could  be s e p a r a t e d  s ince  t h e  n o n l i n e a r i t y  
n n 
normal o u t p u t  
modified ou tpu t  
p - p  
Figure  3-9 
Bedback  System 
The point t o  be made i s  t h a t  c a r e  shou ld  be taken  i n  t h e  measure- 
m e n t s  of a n o n l i n e a r i t y  t o  i n s u r e  t h a t  t h e  ou tpu t  i s  chosen a f t e r  
t h e  n o n l i n e a r i t y  i n  a feedback system, and t h e  i n p u t  s i g n a l  shou ld  
be of such a form a s  n o t  t o  have c o n s t a n t  s i g n a l  levels going 
i n t o  t h e  n o n l i n e a r  e l e m e n t .  
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4.0 AC AMPLIFIER ANALYSIS 
The  a n a l y s i s  of t h e  AC a m p l i f i e r  w a s  d ivided i n t o  t w o  p a r t s ,  a n  
e x p e r i m e n t a l  a n a l y s i s  a n d  a t heo re t i ca l  a n a l y s i s .  The  experi- 
m e n t a l  a n a l y s i s  w a s  d o n e  by u s i n g  a n  a c t u a l  AC a m p l i f i e r  a n d  
t e s t  e q u i p m e n t  such  a s  s i g n a l  g e n e r a t o r s  a n d  oscilloscopes. A 
f r e q u e n c y  p l o t  was made o n  a p o i n t  by p o i n t  b a s i s ,  m e a s u r i n g  
b o t h  m a g n i t u d e  a n d  p h a s e  of t h e  o u t p u t  s i g n a l  w i t h  a c o n s t a n t  
a m p l i t u d e  i n p u t  s i g n a l .  The  AC a m p l i f i e r  w a s  t h e n  spot c h e c k e d  
fpr o u t p u t  p h a s e  a n d  amplitude v a r i a t i o n  from t h e  n o m i n a l  u s i n g  
d i f f e r e n t  i n p u t  s i g n a l  levels. 
T h e  t h e o r e t i c a l  a n a l y s i s  was a c c o m p l i s h e d  by u s i n g  t h e  schemat ic  
d r a w i n g  a n d  mak ing  s i m p l i f y i n g  a s s u m p t i o n s .  Then c o m p u t i n g  what 
t h e  i d e a l  t r a n s f e r  f u n c t i o n  wou ld  be u s i n g  n o m i n a l  v a l u e s  fo r  
t h e  componen t s .  
4.1 EXPERIMENTAL ANALYS IS 
A block diagram of t h e  test e q u i p m e n t  s e t u p  for t h e  e x p e r i m e n t a l  
a n a l y s i s  is shown i n  F i g u r e  4-1. 
S i g n a l  G e n e r a t o r  #1 is  u s e d  t o  g e n e r a t e  t h e  t e s t i n g  s i g n a l s  from 
1 HZ t o  10  kHZ.  
t i o n  i n  t h e  o u t p u t  a n d  t h e  o u t p u t  l eve l  Is iiieaaUre8 zlri the rms 
T h e  scope is  used  t o  detect a n y  s i g n a l  d i s to r -  
meter . 
T h e  i n p u t  s i g n a l  a n d  t h e  o u t p u t  s i g n a l  a r e  u s e d  t o  s t a r t  and 
s top  t h e  c o u n t e r  respectively, w h i l e  t h e  second s i g n a l  generator  
4-1 
F i g u r e  4-1 
E x p e r i m e n t a l  T e s t  S e t u p  
i s  set t o  g i v e  t h e  proper p h a s e  i n d i c a t i o n  a t  t h e  given tes t  
f r e q u e n c y .  
The a m p l i f i e r  was a d j u s t e d  t o  h a v e  a g a i n  of 1 0 0  a t  t h e  midband 
frequency r a n g e ,  and t h i s  o u t p u t  was u s e d  a s  a n o r m a l i z e d  z e r o  
db s i g n a l .  F i g u r e  4-2 i s  a p l o t  of t h e  n o r m a l i z e d  o u t p u t  of t h e  
P.C Jmplifier from 1 HZ t o  10 kHZ and  F i g u r e  4-3 is  t h e  p h a s e  plot .  
S i n c e  t h e  AC a m p l i f i e r  h a d  a t e n d e n c y  t o  o s c i l l a t e  a t  f r e q u e n c i e s  
below 1 0  HZ a t  t h e  g i v e n  i n p u t  s i g n a l  l eve l ,  l o w e r  s i g n a l  l eve l s  
were u s e d  and t h e  o u t p u t  was compensa ted  for i n  t h i s  r a n g e .  No 
measurements  were t a k e n  below 1 H, d u e  t o  t h e  o s c i l l a t i o n  c a u s i n g  
severe d i s t o r t i o n  i n  t h e  o u t p u t  waveform. 
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4.2 THEORETICAL ANALYSIS 
The t h e o r e t i c a l  a n a l y s i s  cons i s t ed  of u s ing  schematic drawing 
number 50M04426, r e v i s i o n  A, da ted  October 14,  1965 and d i v i d i n g  
t h e  c i r c u i t  i n t o  s t a g e s  which could be more e a s i l y  analyzed t o  
o b t a i n  t r a n s f e r  func t ions .  One basic assumption is t h a t  t h e  
t r a n s i s t o r s  can be represented  by e i t h e r  an ideal vo l t age  source  
e q u a l  t o  gR I i n  t h e  case of an emi t te r - fo l lower  o r  an  i d e a l  
c u r r e n t  source equal  t o  A I i n  i n  t h e  case of a grounded emitter 
a m p l i f i e r .  The t r a n s i s t o r  forward c u r r e n t  ga in  ( R )  was assumed 
t o  be 150 f o r  t h e  e n t i r e  ope ra t ing  range. 
E 
The a m p l i f i e r  c i r c u i t  a n a l y s i s  w a s  d iv ided  i n t o  s i x  s t a g e s  wi th  
each d i v i s i o n  occurr ing  a t  a t r a n s i s t o r .  F igu res  4-4 through 4-9 
are t h e  s i m p l i f i e d  c i r c u i t s  f o r  each s t age  of t h e  a m p l i f i e r .  I n  
the c i r c u i t  f o r  s t a g e  6 n o t  enough informat ion  w a s  known about  
t h e  t ransformer  T 1  t o  s u b s t i t u t e  c i r c u i t  parameter va lues  i n t o  t h e  
gene ra l  s t age  t r a n s f e r  func t ion .  The composite t r a n s f e r  func t ion  
i s  t h e  product  of each of the s t a g e  t r a n s f e r  func t ions  and i s  
e q u a l  t o  
\* 
E c, - k 5’ ( S  + 35- 1) (S=+I49.5 S + 1 3 7 ~ \ 0  M S )  - L- 
Ei, (s t .123) (s f- 1.45) ( 5  t b77) (S + I .9 6 )  (s t50.i) & * B5;9) 
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* 
where K is the overall amplifier midband gain and H(S) is the transfer function of 
the output transformer stage. The two coil resistances in the third stage have 
been assumed to be R 
in the third and fourth stage calculations was  measured to be 320 ohms. It is 
estimated that the calculated poles and zeroes are accurate to within about 5 to 
i f l o  due to assumptions which have been made in parameter values and determining 
the stage transfer functions. 'I 
The above transfer function is plotted as a straight line Bode plot in Figure 4-10 
and is normalized to zero db gain at mid-band frequencies. The similar frequency 
response of the theoretical transfer function and the experimentally determined 
frequency response in the experimental analysis indicates an accurate theoretical 
transfer function and also the assumption and simplifications in determining the 
transfer function were  valid. 
= RL2 = 1000 ohms. The compensating resistor used 
L l  
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Figure 4-5. Second Stage Equivalent Circuit and 
Transfer Function 
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I .  
c 
Figure 4-6. Third Stage Equivalent Circuit and 
Transfer Function 
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. 5.0 TRANSFER FUNCTION DETERMINATION PROGRAM 
During this quarter a digital computer program was written 
to calculate the transfer function of a circuit or network 
from the frequency-gain and frequency-phase information avail- 
able by direct measurement. The output of the program is the 
coefficients of two polynomials, numerator and denominator, 
which would give a least squares curve fit to the given data. 
5.1 PROGRAM THEORY 
Any transfer function can be written as the ratio of two 
polynomials 
,n -J 
Normalizing the denominator by letting b, 2 I and setting 
the real and imaginary parts equal we 
I i 
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where A i s  a m a t r i x  and a and b a r e  v e c t o r s .  
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The " a "  v e c t o r  con ta ins  a l l  of t h e  unknown c o e f f i c i e n t s  of - 
I 
I -  
" 
I 
t h e  t r a n s f e r  func t ion .  I f  t h e  number o f  d a t a  p o i n t s  i s  equal  
t o  t h e  n u m b e r  o f  unknown c o e f f i c i e n t s  t h e n  t h e  A ma t r ix  i s  
square  and t h e  c o e f f i c i e n t s  can be so lved  f o r  u s i n g  
If more d a t a  p o i n t s  a r e  used t h e  c o e f f i c i e n t s  c a n  be so lved  
f o r  u s i n g  
T 
where A i s  t h e  t r anspose  of A. From l e a s t  square s t a t i s -  
t i c a l  t h e o r y  (Reference 9, 1 0 )  it can be shown t h a t  t h e  equa- 
t i o n  g i v e s  a m i n i m u m  va r i ance  e s t i m a t e  of  t h e  t r a n s f e r  func t ion  
c o e f f i c i e n t s .  
5.2 PROGRAM RESULTS 
The program h a s  no t  been f u l l y  eva lua ted  for high o r d e r  
t r a n s f e r  func t ions  where t h e  phase v a r i a t i o n  is g r e a t e r  than  
- + 180 degrees ,  b u t  we have eva lua ted  t h e  program f o r  s imple 
t r a n s f e r  func t ions .  U s i n g  f i v e  d a t a  p o i n t s  corresponding 
t h e  results obta ined  a r e  t o  t h e  t r a n s f e r  func t ion  
g iven  i n  Table 5-1. 
I 
Its 
f i t t e d  t o  t h e  d a t a  I bv t h e  program 
40 
c 
-7, o7A la- 
Runs w e r e  a l s o  made with i n c o r r e c t  da t a  p o i n t s  and t h e  re- 
s u l t i n g  equat ions c l e a r l y  i n d i c a t e d  t h e  i n c o r r e c t  p o i n t  by 
showing a l a r g e  d e v i a t i o n  b e t w e e n  t h e  a c t u a l  and  c a l c u l a t e d  
p o i n t .  The r e s u l t s  ob ta ined  w i t h  t h i s  program f o r  more com- 
p l i c a t e d  t r a n s f e r  func t ions  a r e  s t i l l  being evaluated.  
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6 . 0 
This report documents t h e  work performed on  t h e  s i n g l e  param- 
eter t e s t i n g  program dur ing  t h e  first q u a r t e r  of Phase E, 
Contrac t  NAS8-11715, P a r t  111. The conclus ions  drawn from 
t h i s  e f f o r t  w e r e  
C ONCLUS IONS 
Simpler t o  gene ra t e  tes t  s i g n a l s  w e r e  i n v e s t i g a t e d  
and found t o  achieve s i n g l e  parameter t e s t i n g  param- 
eter p r e d i c t i o n  r e s u l t s  comparable t o  previous ly  ob- 
t a i n e d  r e s u l t s .  
The use  of second o rde r  terms t o  r ep resen t  t h e  d i f -  
f e rence  s i g n a l  be tween t he  reference system and t h e  
system t o  be tested, increased  t h e  accuracy o f  t h e  
parameter p red ic t ions .  The use  of  cross order terms 
however, d id  not. 
The t r a n s f e r  func t ion  of t h e  AC a m p l i f i e r  was found 
to have a seventeenth order denominator and a t w e l f t h  
order numerator. The DC a m p l i f i e r  w i l l  be eva lua ted  
dur ing  t h e  next qua r t e r .  
A d i g i t a l  program t o  determine t r a n s f e r  func t ions  
from magnitude and phase inpu t  d a t a  was w r i t t e n .  
I n i t i a l  r e s u l t s  look good b u t  complete program capa- 
b i l i t y  has  not been eva lua ted  a t  t h i s  t i m e .  
It was found t h a t  parameter measurements could be 
made of a n o n l i n e a r i t y  repreeented  by a polynomial, 
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